Lipolytic enzymes from the bovine rumen : a thesis presented in partial fulfilment of the requirements for the degree of Master of Science in Biochemistry at Massey University by Faruque, Abu J M Omar
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 
LIPOLYTIC ENZYMES FROM 
THE BOVINE RUMEN 
A thesis presented in fulfilment 
of the requirements for the degree of 
Master of Science in Biochemistry . 
at 
Massey University 
New Zea l and 
A. J . M. Omar Faruque 
1970 
ACKNOWLEDGEMENTS 
The author expresses his sincere gratitude to his supervisor , 
Dr . J . C. Hawke f or his encouragement and the guidance received at all 
stages of this study; and to Dr. B. D.W. Jarvis for his guidance and help 
in the microbiological work . 
Mr . G. Wilson and the staff of No . 2 Dairy Unit are gratefully 
acknowledged for the provision of animals requi red for this study , a s is 
the e:>..-pert technica l assistance r eceived from Miss .J .M. Aldersley . 
Appreciation is also extended to Wi.r . D.R. Body for proof- reading the 
manuscript of this t hesis . 
Special thariJ..:s are due to !v'Irs . R. Couling for the expert typing 
of this thesis; t o Mrs. P. Lyttleton and Mr. D. Hopcroft for electron 
micrographs; to Miss D. Scott and Mr. P. Herbert for the reproduction of 
photographs and figures. 
The author would like to extend his thanks to staff of Massey 
University - in particular of the Chemistry- Biochemistry and Microbiology-
Genetics Departments - for providing facilities for work; and to all his 
friends for their help and encou::-agement during this study. 
Finally, the author is grateful to the Government of New Zealand 
for a Col ombo Plan Scholr:r ship 0 
TABLE OF CONTENTS 
Chapter Page 
1 INTRODUCTION 
2 
3 
1 . 1 . Lipid met abolism in t~e ruminants and significance 
of hydrolysis and hydrogenation i n the rumen 
1. 2. Relationship between hydrolysis R.nd hydrogenation 
in t he ru.TTJen 
L3. Lipases 
1. 3. 1. 
1.3. 2. 
1.3 . 3. 
1.3.4. 
1.3 . 5. 
1. 3. 6. 
Ter minology 
Detecti on and isolation of lipolytic 
microorganisms 
Nature of microbia l lipases 
Induced and noni nduced lipases 
Purification of lipa ses 
Purificat i on of l ysol ecithinase from 
1 
6 
7 
8 
9 
11 
11 
the rumen 15 
1.3 . 7. Methods of de termining lipase activity 16 
1. 3. e . Specificity of lipases 20 
1. 3. 9. Factors affecting t he activity of lipases 23 
1. 3. 10. Eff ect of metal s and non- me t a l l ic 
i nhibitors on lipases 29 
ATh1 OF THE PRESENT STUDY 31 
MATERIALS AND Mm'HODS 
3. 1. Sol vents and r eagents 
3. 2. Prepara tion of rnedium constituent s 
3. 3. Preparation of media 
3. 4. Composition of med.i a 
3.5. I nocula tion of medium 
3.6. Isolation of pure cultures 
3. 7. Subculture and storage of cultures 
32 
32 
33 
34 
35 
36 
36 
3.8. Rumen sampling 
3.9. Procedure for the preparation of lipolytic fractions 
from total ru.~en contents for the purifica tion 
of lipa ses 
3. 9. 2. 
3.9.3. 
3. 9.4. 
3. 9. 5. 
3. 9.7. 
3. 9.s . 
3.9.9. 
Homogenisa tion and straining of rumen 
cont ents 
Separation of pro t ozoal and debris fraction 
Prepar a tion of bacterial fraction 
High frequency sonication 
Ultrafiltra tion 
Dialysis 
li'ree ze- drying 
Gel-filtration 
(NH4) 2so4 precipitation 
3.10. Determination of protein 
3.11 . Thin-layer chromatography 
3.11,1. Preparation of chromatographic plates 
3.11.2. Elution solvent s 
3.12. Incubation procedure for radiochemica l assay 
3.13. Radiochemical oethods 
37 
37 
37 
38 
38 
38 
38 
39 
39 
39 
40 
40 
41 
3. 13 .1. Radioisot ope counting 41 
3.13, 2. Det er mination of radioactive lipids from 
thin-layer plates 42 
3.14. Preparation of emulsions 
3.15. Double layer t echnique f or the detection of tri-
butyrin-splitting bacteria from the rumen 
3.16. Procedure for following the hydrolysis of grass-
galactolipid by tributyrin-splitting bacteria 
3.16.1. Comparison of the rate of hydrolysis of 
galacto~ipid by strain 1, 2 and 3 
Time course for the hydrolysis of galacto-
lipid by strain 1 
3.17. Termination of lipolysis and extraction of lipid 
42 
44 
44 
45 
45 
3.18. Colorimetric assay of lipolytic activity 
3.19. Assay of lipolytic activity using the pH-stat 
3.20. Preparation of fatty acids from lipids 
3,.21. Methylation of fatty acids by diazomethane 
3.22. Gas-liquid chromatography 
3.23. Determination of f atty acid composition of mono-
gal actosyldiglyceride 
3.24 . Synthesis of radioactive triglyceride 
3. 24 .1. Distillation of gl yMrol 
3. 24 . 2. Synthesis of glyceryl 1-pal mi tate 
3.24.3. Preparation of ol eic acid 
3. 24 . 4 . Preparation of oleyl chloride 
3.24 . 5. Synthesis of glyceryl 1- palmitate"."2-
46 
46 
47 
47 
47 
48 
49 
49 
49 
49 
oleate and glyceryl l-palmitate-3- oleate 49 
3. 24.6 . Purificati on of diglyceride isomers 
3~24~7~ Synthesis of triglyceride s 
4 RESULTS 
4 . 1~ Effec t of homogenisation of total rumen cont ents 
and the lipolytic activity of the 90 , 000x~ 
centrifugat e 
4 . 2 . Effect of sonicati cn on the lipolytic activity 
of washed bacterial fracti on 
4 . 3. Lipolytic activities of 90 , 000x~ centrifugate and 
supernatant and 200,000x~ centrifugate and super-
50 
51 
52 
53 
natant prepared from a sonicated bacterial pellet 55 
4.4. Stability of soluble lipolytic fractions 
4 . 5. Lipolytic activity of l yophilised material 
4. 6 • .Fractionation of lyophilised material on a column 
of Sephadex G- 200 
4. 7,. Lipolytic a ctivity of lyophilised half-~aturat ed 
(NH4)2so4 precipitate 
56 
57 
57 
58 
4 . 8 . Effect of pH on enzyme ac t ivity 
4. 9. Relationship between enzyme concentration and 
reaction velocity 
4 . 10. Counts of tributyrin hydrolysing bacteria 
4 ~11 . I sol a tion of tribut yrin hydrolysing bacteria in 
59 
60 
60 
pure culture 61 
4 . 12 . Effect of time on the production of P..rea of 
clearing of tributyr in by the tributyrin- splitting 
bact eria 
4. 13 . Study of the lipolytic activity of tributyrin-
splitting bacteria towards peanut oil 
4 . 14. Activity of tributyrin- splitting bacteria i n the 
hydrolysis of grass- gal actoli pid 
4. 15. Effec t of time in the hydrolysis of monogal acto-
syldiglyceride by bacteriun str ain 1 
5 DISCUSSION 
6 
5. 1 . Purification and cbaraotcrisati .n of lipase fr.wn 
mixed rumen bacteri a . 
5. 2 . Isnb.ti on r.nd chr_ract erisation of tributyrin-
spl i tti ng bacteri a . 
SUMMARY 
REFERENCES 
61 
62 
62 
64 
73 
75 
LIST OF Tli.13LES 
TABLE Page 
1 Effect of lipid and r elated substances on the grov;th and 
lipolytic activity of Candida paralipolytica 
2 I\fu.in s t aps of lipase purification 
3 Lipolysis of synthetic triglyceride by lipase f r om 
Geotric:tnm candidum 
4 Bryant and Robinson ' s (1961b) synthetic medium 
5 Gas - liquid chromatographic anal yses of the f atty acids 
of monogalactosyldiglyceride i sol a t ed from ryegrass 
6 Lipolysis of 14c- trioloin by rwnen fluid uef ore and 
after homogenisation and by a 20 ,000x~ centrifugate 
prepar ed from homogenised rumen fluid 
7 Lipolysis of 14c- triol ein by fractions prepar ed fro~ 
the ba cteria l pe l let and sonicated bacterial pellet 
8 Lipolytic activities of centrifugates and superna t ants 
obta ined after centri fugati on of sonica ted bacteri a l 
pellet a t 90 , ooox~ 2nd 200 , ooox~ 
9 Lipol ysis of 14c- triol ein by soluble lipolytic fractions 
(after s t or ing a t 4°c for approxima t ely 4 - 5 days ) 
prepar ed from sonicatod bacteri al pellet 
10 Lipolytic activity of fractions obtained from a 
Sephadex G- 200 column 
11 Cultural and morphological charact eristics of bacteria 
12 Hydrolysis of monogalactosyldiglyceride by tributyrin-
splitting bacteri a 
12 
14 
21 
35 
48 
52 
53 
55 
58 
61a 
63 
LIST OF FIGURES 
Figure Page 
1 The lipasG and esterase activities of cells and super-
natants from a continuous culture growing at different 
r a t es 
2 Potcntiometric test for the determinc1.tion of lipase 
activity 
3 Hydrolysis of triglyceride by Staphylococcal lipase 
4 Major pe..thway for the hydrolysis of t riglyceride by 
pancreatic lipase 
5 pH- activity relationship for the hydrolysis of tributyrin 
by Staphylococcal lipa se 
6 The influence of saturation on the hydrolysis of tri -
acetin by lipase fro~ swine pancreas 
7 The r elationship between extincti on at 440 nm and free 
fatty acids 
10 
18 
22a 
23a 
25 
27 
46a 
8 Steps in the purification of rumen lipase 51a 
9 Radiochromatogram scans of the products of hydrolysis 
of 14c- triolein separated by thin- layer chromatography 53a 
10 Lipolytic activity of 90 , 000x~ supernatant prepared 
without sonication of bacterial pellet 
11 Hydrolysis of 14c- triol ein by 90 , 000x~ supernatant 
prepared from sonicated bacterial pellet 
12 Hydrolysis of 14c- triol ein by lyophilised material as 
pr epared from 90, 000x~ supernatant of sonicated bacterial 
pellet 
13 Fractionation of lyophilised mat erial _prepared from 
sonicated bacterial pellet on Sephadex G- 200 
14 Demonstration of lipolytic activity of half- saturated 
(NH4)2so4 precipitate as prepared from l yophilised 
mat erial by thin-layer chromatography 
54a 
54b 
57a 
57b 
58a 
15 Effect of pH on the rate of hydrolysis of emulsified 
triolein by l yophilised materi al as prepared from 90,000x~ 
supernatant of sonicated bacterial pellet 
16 Effect of pH on the rate of noncmzymatic hydrolysis of 
emulsified triolein 
17 pH- activity relationship for the hydrol ysis of emulsified 
triolein by lyophilised lipase prepared from 90 ,.ooox~ 
supernatRnt of sonicated bacterial pellet 
18 Effect uf pll on the rate of hydrolysis of 00ulsified 
tributyrin by lyophilised naterial cs prepared from 
90,000x~ supernatant of sonicated bacterial pellet 
19 Effect of pH on the nonenzyma.tic hydrolysis of emulsified 
tributyrin 
20 pH- activity r el a tLinship for the hydrolysis of emulsified 
tributyrin by lyophilised mat~rial prepared from 90,000x~ 
superna tant of sonicated bacterial pellet 
21 Hydrolysis of tributyrin by lyophilised material 
22 The r elationship between lipase activity and the a~ount 
of protein in enzyme solution 
23 Col ony char2.cteristics of Strain 1 growing in 1:-iedia A 
with thG area of clearing of 0 . 2% tributyrin 
24 & 24a 
25 & 25a 
26 & 26n. 
27 
28 
29 
Electron microgTaphsof tributyrin- splitting 
bacteria : 
Fig. 24 and 24a 
Fig. 25 and 25a 
Fig . 26 a.lld 26a 
strain l 
strain 2 
strain 3 
Relationship between the area of clearing of 
0 . 2% tributyrin with time for tributyrin-
hydrolysing bacteriaa 
Fig. 27 str ain 1 
Fig. 28 
Fig. 29 
strain 2 
strain 3 
59a 
59a 
59b 
59c 
59c 
59d 
60a 
60e. 
61b 
6lb1 
61c 
61d 
6l e 
6le 
6le 
30 Effect of time on the forma tion of free f atty acids 
from monogalactosyldiglyceride by strain 1 63a 
1.1. 
- 1 -
CHAPTER 1 
INTRODUCTION 
Lipid metabolism in the run:ina.."lts and significance of hydrolysis 
and hydrogenation in the =wnen·. 
The digestion pattern of ruminants differs f r om other mammals in 
that t he food of ruminants is subjected to a microbial ferment ation in the 
rumen before passing into t he true stomach . Carbohydrates , proteins , 
organic acids and many other food constitaents are attacked by the micro-
organisms in the rumen and as a result short- chain fat ty acids (VFA) , CO2 , 
CH4 , NH3 etc . are pr oduced as the end product of microbial metabolism. 
This ruminal fer~entation has a considerable effect on the metabolic 
pr ocesses of the animal and moreover . the functions of the rumen micro-
organi sms are intimately associated with certain metabolic disorders of 
the ruminant (Bryant , 1959) e . g . Ketosis, bloat e tc. It is now gener ally 
believed that the organisms of functional significance in the rumen are 
pr otozoa and bacteria which ure capable of growth under the anaerobic 
conditions pr evailing.. The rumen provides an ideal anaerobic enviro!lIDent 
f or a large and diverse microbial population at a temper atur e of 39°-40°c , 
The pH of the ingesta is slightly acid and the bacteria are adapted to 
live between pH 5. 5 and 7.0 (Hungate , 1966) . 
It is apparent from earlier studies that the lipids of ruminants 
differ in several r espect s from those of non- ruminant herbivorous animals 
in particular. Occurrence of unusua l ly high proportions of stearic acid 
and the presence of~ acids and isomeric forms of ol eic , l inoleic and 
linolenic acid in depot f a.ts ..and tissue lipids are peculiar to ruminants, 
- 2 -
Furthermore milk fat of ruminants contains a number of branched- chain 
fatty acids and a mixture of volatile fatty acids . These differences in 
the lipid composi tions of ruminant animals from those of non- ruminants may 
be explained by ~he fact that the microorgFU1isms in the rumen can effect 
extensive cha!1ges to the dietary lipids . These changes include the 
hydrolytic release of esterificd fatty acids (Garton et a l ., 1958, 1959 
and 1961 ; Wright, 1961) and the hydrogenation of unsaturated fatty acids 
(Reiser, 1951) . :Secaus(:; of the high content of c18 - unsaturated fatty 
acids in the most common feeds of ruminants , the microbial activity 
results in the accumulation of free stearic acid as the end product of 
complete? hydrogenation aJ1d geometrical and positional isomers of oleic , 
linoleic and linolenic acids as the end product of inccmplete hydrogenation 
(Shorland et al . , 1955 and 1957) . At th,:, same time, hydrolysis of 
triglyceride and galactosyldiglyceride make glycerol and galactose 
available f or f ermentation by the rumen microorganisms . The products of 
glycerol fermentation by the microorganisms are CO2, acetic acid , pro-
pionic acid and butyric acid. The rate of utilisation of glycerol , 
calculated t o be at least 0.065 ;u moles/ml/min . , is due to bacterial 
metabolism (Wright , 1969) . A mixtu:".'E: of acetic , propionic and butyric 
acids results from the fermentation of galactose by several rumen 
bacterial species (Hobson ana. 1f:ann, 1961) These VFA further undergo 
metabolic changes to pr ovide extra energy to the animal . Very little , if 
any degradation of l:ih::m.ted long-chain fatty acids from the hydrolysis of 
lipids apparently takes place in the rumen . There is no evidence that 
acids of chain l engthc16 and greater are absorbed to any appreciable 
ext ent from this part of the alimentary t r act (Garton et al ., 1961 ; 
Hobson and ~Iann , 1961; Wood et al . , 1963) . 
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Little or no r esemblance between the fatty acids of dietary fat e..nd 
the fat in the rumen indicates tha t extensive modi fication of dietary fat 
by the rumen microorgp...nisrns occurs in the rumen. Lipid content of digesta 
which passes from the rwnen t o the small intestine via the true stomach is 
mainly long- chain fatty acids, in particular s t earic and olei c acid. 
TheGe fatty acids , r eadily 1:..bsorb from the small i nt~?stine , form a con-
siderable proportion of the fatty 2.cids in the lipids of thoracic - duct 
lymph which drai ns into systemic circulation (Garton, 1967) . 
It was noticed that depot fat of steers and goats contained more 
stcaric acids and l ess oleic acids on diets cont~ining triglyceride rich 
in c18 unsatur1:.t0d fatty acids . Hydrogenation of unsaturated fatty acids 
in the:: rumen was first observed by Reiser (1951) . This process attributed 
to the deposition of stearic acid in the depot fats which ar ose from 
bacterial hydrogenation of c18 unsabrated fatty acids. Linolenic acid 
is &.lmos t absen t from the depot fats of ox , sheep in contrast t o the non-
ruminants which contains a very high proport ion of linolenic acid in their 
depot f a ts (Shorland, 1952) . Linolenic acid, the predominant fatty acid 
constituent of pasture , appeared only in traces in the depot fats of 
ruminants. A particularly effectivG hydrogenation in the rumen has been 
observed by Shorland et al . ,(1955) . They found tha t more than 50'/o of 
linolenic was converted into stearic '.:lcid. The presence of trans acids 
in the ruminant depot fats (Hartman et al ., 1954) was explained on the 
basis of bacterial action i n the rumen. Incubation of linol enic , lino-
leic and olcic acids under CO2 with sheep rumen contents r esulted in the 
pr oduction of stearic acid, trans and positional isomers of unsaturated 
acids as wel l (Shorland et al ., 1957) . 
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Depot fats of foetal lambs do not contain such a high proportion of 
stearic acid as the maternal ewe (Body and Shorland, 1964/• The young 
animal was found to absorb dietary unsaturated fatty acids into its depot 
fats, which demonstrates t hat the development of an active rumen is 
essential for hydrogenation of unoaturatod fatty acids (Siren , 1962) . 
Ogilvie et al. (1961) studied the effect of duodenal administration of 
linseed oil on the composition of ruminal depot fats and observed t hat the 
main fatty constituents of the oil - linoleic and linolenic acids are 
capable of being deposited in the depot fats . Normally those fatty acids 
are in the range of 1 to 2%. A distinct increase in proportion of 
stearic acid of both milk fat and adipose tissue was observed when soybean 
oi l was fed orally to cows but on intravenous i njection of the oil , the 
proportion of polyunsaturated acids in milk fat was increased (T9ve and 
Mochrie , 1963) . 
Of the known naturally occurring fate, the ruminant milk triglyce-
rides are among the most complex in fatty acid composition . The l ow 
concentr ation of polyunsaturated fatty acids in ruminant milk fat and 
adipose tissue fats is primarily due to biohydrogenation of dietary c18 
di- and tri- unsaturated fatty acids t o more saturated forms by the micro-
or ganisms i n the rumen . However , higher levels of unsaturated fatty 
acids in milk fat were observed when monozygotic twin milking cows wer e 
grazed on young ryegrass (Hawke , 1963) whi ch contained more l ipid and 
more unsatura ted fatty acids than mature ryegrass (McDowell et al., 1961) . 
This i ncrease in unsaturated lipids in the milk fat was related to the 
higher levels of unsaturated acics in the diet and the consequence of a 
decrease in the overall hydrogenation in the rumen. On incubation of 
linoleic acid with rumen cont ents , the product of hydrogenation•.by the 
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microorganisms were mainly oleic aci d with a small concentration of stearic 
acid . This was explained on the basis that high concentration of linoleic 
acid comple:tely inhibited the conversion of oleic acid to stearic acid 
(Moore et al ., 1969) . Recently it has been shown that lipolysis and 
hydrogenation in the rumen can be controlled by protecting the lipids from 
the action of li.pases and hydrogenases (Scott et al. , 1970). When 
formaldehyde treated polyunsaturated lipid-protein complex were added to 
the diets of ruminants the proportion of polyunsaturated acids in the 
plasma increased from approximately 4% to 25-jc)% within 24 hours post 
feeding and led to an increased incorporation of these acids into glyce-
rides of milk and body fats . 
An i nc reased yield of stearic and ol ei c aci d was observed in milk 
fat when cows were f ed oil containing stearic , oleic , linoleic and lino-
lenic acids or these acids in free f orm (Starry, 1970) . Starry et al. 
(1967) supplemented the diet of cows with coconut oil and observed an 
increase in the concentration of l auric and myristic acids in plasma tri-
glyceride and in the amount of these acic!.s in milk fat . A variable 
relationship exis t s between the dietary intake of pal mitic acid and its 
yield in milk fat (Starry, 1970). The addition of lipids to the rumen 
influences the pattern of fermentation of other dietary constituents 
(Robertson and Hawke, 1964a; 1964b) which in turn way have impbrtant 
effects on the metabol ism of ruminants . 
The food of grazing ruminants is mainly of pasture species such as 
ryegrass, clover etc. and to a lesser extent the leaves of many other 
plant species. Although the lipid content of leaf tissue is only about 
5 to 1~ of the total dry matter, the quantity of lipid consumed by adult 
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ruminants is quite significant - for example , a. cow eating 100 lb. of 
pasture daily will ingest approximately 500g of lipids and during the 
period of pregnancy , lac tation and stall-feeding it may r eceive a diet 
which pr ovides 1 kg of lipids daily (Garton , 1967) . 
L 2. . Rebtionship between hydrolysis and hydrogenation i n the rtlf.len . 
'fhe two main tY1JG S of enzymatic reactions which dietary lipid 
under goes in the r 1.lllcn are ; 
(i) r e lease of the constituent fa tty acids ( Gerton et al., 1958) 
(ii) hydrogenation of unsaturated fatty ac ids which are the main 
fatty acid components of plant lipids (Weenink , 1961) . 
Comparisons of the degTee of satu£ation of the fr ee fatty acids Elnd. the 
esterified lipids of rumen contents suggest that bioh;ydr ogenation of the 
fre e fatty acids does not occur until they are hydrolysed from dietary 
glycerolipid ( Garton et a l., 1961; Hawke and Robertson , 1964; Patton and 
Kester , 1967) . The r equirement of f.ree fatty acid subst r o:LE:: in 1:-he r umen 
was fur t her confirmed by Hawke and Silcock (1 969). In more precise 
studies, i nvestigation of the r ate of lipolysis and hydr ogenation was 
carri ed out by the use of a s;ynthetic triglyceride 2 (1-14c) linolenoyl -
3 - oleoyl - 1 - palmitoylgl ycer ol in incubation with rumen content . 
(Hawke and Silcock , 1970) . The authors found no detectable hydrogenation 
products in t he triglyceride fracti on 1'!hich r emained unhydrolysed and in 
the partial products of h:rdrolysis wher eas hydrogenation of ( 1-14c )-
linolenic acid occurred in the free f a tty acid fraction producing a mix-
ture of 14c - stearic , monoenoic and dienoic acids . From these evidences 
it was concluded that biohydrogenation of unsa turated fatty acids of 
di etary lipids in the rumen proceeds only aft er the fatty acids have been 
removed from ester combination by lipolysj_s. Consequently, the extent of 
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hydrogenation of u..~sa turated f a tty acids is dependent on the activity of 
lipolytic microorganism in the rumen. 
_1..3. Lipases 
1.3.1. Terminology 
A group of esterases , called lipases , are of primary importance in 
catalysing the hydrolysis of glycerol es ters of fatty acids to fatty acids 
and glycerol. Usually the term lipase refers to any enzyme which hydro..,. 
lyses various esters . The report of th8 com.mi ssi on on enzymes of the 
International union of Bioch0rnistry (1961) defines lipase (E.C.3.1.1.3) 
as a "glycerol ester }zydxolase" and the use of emulsified substrates are 
r ecommended because they are active in heterogeneous systems (Sarda a.nd 
Desnuelle , 1958 ) whereas estrases seem to hydrolyse substrates in solution 
(Aldridge , 1954) . This distinctior, between lipases and es t erases does 
not imply to a different catalytical mechanism between the t"·o groups of 
enzymes (Oosterbaan and Jansz , 1965 ) . The R.bove commission further 
defines a unit of lipase as being the,t amount of enzyme whi ch, acting on 
an est er emulsion under the condi t i on of the test, libsetes 1 micro-
equivalent of acid per min . The emulsion should be of such nature that 
gives the maximum reaction rate. 
Lipases are widespread in plants, animals and microorganisms . 
Pancreatic lipase has been the most ext ensively studied and our knowledge 
of the mechanism of lipase action is almost entirely derived from studies 
on pancreatic lipase . 
1.3.2. 
A) 
- 8 -
Detection and isolation of lipolytic organisms 
From the rumen 
It has been shown that triglyceride of long-chain fatty acids can 
be rapidly hydrolysed by mixed rum0n microorganisns (Garton e t al., 1958; 
1961; Wright, 1961). Hobs on and l,Ia..'1Y1 (1961) detected lipolytic organisms 
from the she c,p rumE;n by diluting fresh rumen contents into various media 
containing linseed oil. For the detec tion of total acidity , extraction 
of fa tty acids was f ollowGd by thHir titration with ethanolic NaOH solution. 
Alternatively, clear zones around the colonies in linseed oil-agar or tri-
butyrin- agar roll tube were taken t o indicate lipolysis or esterase 
activity. The isolated lipolytic bacteria were strictly anaerobic 
curved Gram-negative rods and were active in the hydrolysis of tributyrin 
and linseed oil as well as f ermentation of glycerol, T:ie lipolytic 
bacteria did not utilise the liberated long-chain fatty acids, a finding 
there is in agreement with the observation of Garton et al. (1961) , The so 
bacteria appeared to be nomal inhabi tants of the sh2ep- rumen when the 
animals were fed a number of different rations . They differod from all 
known species in their limited fermentation reactions but morphologically 
they v:ere similar to many types of rumen bacteria. The authors sucgested 
that these bacteria were amongst tlw more important lipolytic bacteria in 
the rumen. Hobson and Swnmers (1966) studied the relationship between 
growth rate and the activity of a lipolytic bacterium isolated from the 
rumen and in batch culture observod that lipolytic activity was associated 
with growing cells, 
B) From various sources 
A detailed review on earlier work for the detection and isolation 
of microbial lipases have been published by Lawrence (1967a). However, 
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Fryer et al. (1967b) described two double layer techniques for the detec-
tion of lipolytic organism in which the organisms are grown on nutrient 
agar overlaid on; 
i) tributyrin agar, or 
ii) a thin layer of I'lilk fat saturated with victoria blue. 
Using these two techniques t he authors tested 22 strains of Gram-positive 
cocci, 20 strains of Gram-negative rods, and 3 strains of micrococci for 
the lipolytic activity . These techniques offerred the advantages that 
there was no danger of inhibition of microbial growth by dyes or substrates, 
the rate of lipolysis could be followed from the beginning of incubation 
and the colonies recovered after detection . If necessary the organisms 
could be grown on a carbohydrate media . The tributyrin-agar method has 
the further advantage tl2t the sensitivity of the assay could be increased 
by decreasing the concentration of tributyrin. 
Nature of nicrobial lipases 
The ability to produce some extra-cellular lipase appears to be a 
general property of most , if not all, growing bacteria under suitable 
conditions . Although the extent to whi ch lipase is formed varies very 
considerably even between strains of the same species of organisms 
(Lawrence, 1967a) and is markedly influenced by different nutritional and 
physical conditions (Lawrence et al., 1967b). Extracellular lipases are 
found in the supernatant fluids of cultures of Pseudomonas fragi (Alford 
and Pierce, 1963; Mencher et al. , 1965; Mencher a!'ld Alford, 1967; 
Lawrence et al., 1967b; Lu and Liska 1969a), Micrococcus freudenreichii 
(Lawrence et al., 1967b), lactic acid bacteria (Fryer et al., 1967a), 
Staphylococcal lipase ( Tirunarayanan and Lundbeck, 1968; Vadehra and 
Harmon, 1969). Most of the organisms considered to produce extracellula.f 
LIBRARY 
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enzymes are Gram-positive bacteria (Pollock , 1962 ). Some or ganisms 
capabl e of pr oduc ing extracel lular lipase appear to contain a smal l amount 
of cell~-bound enzyme (LaVJrence et al., 1967b). Presence of the latter was 
explained cm the basis of the ineffi ciency of tb,~ lipase f orming systGm to 
release nost of the new enzyme into the culture fluid with no specific 
intracellular function (Lampen , 1965). Dc1.ring the growth of P.rogueforti 
and Asperigillu s niger the prosence of almost equal quantities of cell-
bound and extracellul ar lipase was observed (Chand.an e t al. , 1962) . 
There are r eports where extracellular lipase have different opti mum pH 
(Shahani et a l., 1964) to that of cell - bound l i pase from the same organisfi'l 
(Khan et al., 1964) . The rumen bacterium reported by Hobson and Summers 
(1966) was found to produce two enzymes - an esterase associated mainly 
with the cells and a lipase which mainly secr eted into the culture medium. 
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Figure 1. The lipase (A) and esterase (B) ac-
tivities of cells (o) and superna-
tants (l)from a continuous culture 
growing at different rates. Sub-
strates, naphthyl stearate (A), naph-
th;rlacetate(B). Superimposed on A 
is a 6raph of the steady-state cell , 
concentrations at different growth 
rates (Hobson & ~'ummers, 1966). 
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1. 3.4. Induced and noninduced lipases 
Enzymes in some microorganisms are not formed by a genetic system 
if the substrate of the enzyme is absent e .g . lipases are synthesised in 
candida paralipolytica under the influence of inducer lipids and related 
substances (Ota et a1. , 1968) whereas the enzyme was undetectable in non-
induced microorganisms. Lipase production by Torulopsis ernobii was 
increased markedly on the &ddition of f ats , oils and higher fatty acids to 
the base medium at concentrations of 0.2 - 0,6% (Yoshida et al., 1968 ). 
The fonnation of lipase by some microorganisms are not inducible 
i.e. lipases are formed by organisms in the absence of lipid in the 
medium. Micrococcus freudenreichii and Pseudomonas fragi produced lipase 
in media free of triglyceride substrate (Lawrence et al., 1967b) .• 
However, low concentrations of t ributyrin or trioctanoin did not show any 
significant effect on lipase production although higher concentrations 
were inhi.bi tory. 
1.3.5. 
A) 
Purification of lipases 
Pancreatic li}ase 
Pa..ncreatic lipase is capable of acting on emulsified (Benzonana 
and Desnuelle, 1968) and micellar (Entressangles and Desnuelle, 1968) 
substrates. Attempts have been made by many investigators to purify the 
enzyme. Since 1957, Desnuelle and his colleagues in Marseilles have 
contributed remarkedly in the purification of hog pancreatic lipase . 
Their earlier methods involve extraction of lipase from pig pancreatic, 
its selective precipitation with (NH
4
)to4. and acetone followed by 
electrophoresis on starch . Enzymic activity was followed by potentio- · 
metric titration of fatty acids liberated from emulsified triglyceride . 
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TABLE 1 
Effect of li12_i_cl_?Jid r elateq. S);l.bst_8!}ce13 
0n the growth and lipol yti c a ctivity of Candida paralipolytica 
(Ota et a l., 1968) 
Addition Lipase Act. Growt h 
(1% ~) (0 . 05 M- NaC!H ml) (Packed vol . ml ) 
None o . oo 0.103 
Castor oil 2 . 17 0. 035 
Olive oi l 0 . 85 0 . 152 
Soybean oil 0 . 48 0 . 176 
Linseed oil o . 52 0 .199 
Rapeseed oil 0 . 35 0 . 163 
Coconut oi l 0 . 03 0 .146 
Tung oil 0 . 05 0 . 001 
Lard 0 . 42 0 . 110 
Triacctin o . oo 0 . 074 
Tri- n- butyrin o . oo 0 . 055 
Tripalmitin o . oo 0. 096 
Tri stearin 0 . 02 0 . 102 
Triolcin 2 . 33 0 . 080 
Monolein 0 .12 0 . 038 
St earic a cid 0 .01 0 . 182 
Linolcic acid 0 . 05 · 0 . 078 
Tween 20 + 0 . 58 . 0 .119 
Span 20 + 1.25 0 .070 
n- oc t anc * o .oo 0 . 036 
n-Dodecane * o.oo 0.020 
Pcntene 2 * o .oo 0.001 
Octadecene -1 * 0 . 02 0 .100 
Cyclohexane * o.oo 0.001 
Saponin + 0.13 0 . 009 
Cholesterol+ o . 66 0.104 
* 
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They obtained a 35 - fold purification with a yield of 3CY/o with respect to 
the initial extract or a 63 times purification with a yield of only 3% 
(Sarda et al ., 1957). A 135 - fold purification was achieved with an 
overall yield of 20% when differentia l absorptions of lipase on tricalcium 
phosphate and an aluminium hydroxide and zone electrophoresis at pH 5.25 
in st2rch columns were used . The purest fraction appeared to be homo-
geneous by both chromatographically and electropharetically (Marchis-
Mouren et al ., 1959) . The procedure seemed to be time comn;ming and in 
each preparation not more than 1 mg of purified lipase could be obtained. 
Use of lyophilised supernatants of f resh pancreas homogenates as the 
starting material improved the purification technique . The lipase peak 
obtained by DEAE-cellulose chromatography was dialysed and then lyophilised 
and chromatographed on Sephadex G-200 . This lust step fr ee d the enzyme 
from all remaining nucleotides and some protein impurities but the 
specific activity of the final product (60 to 65% lipase ) did not increase 
due t o inactivs tion of lipase during dialysis or lyophilis~tion (Benzonana 
et al. , 1964) . The techniques described so far for the purificg tiori of 
pig pancreB.tic lipase sui]ply insuffic::. ent enzyme to allow studies of 
structure . However, Sarda et al. (1964) described more sa tisfying 
techniques comprising centrifugation of pancre2.s homogenates at 100,000g 
for 60 min ., lyophilisation of the clear extract to give a stable powder, 
(NH4)2so4 frnctionation of this powder follovrnd by filtration through 
Sephadex G-200, during which the lipase shoi;-Jed an abnormally high rate of 
migration and was highly purified during passage through the column. 
Verger et al . (1969) purified two lipases existing in porcine pancreas and 
pancreatic juice by a method involving the folloiing steps: delipidation 
of pancreas homogenates by solvent extraction , fractional (NH4)2so4 
precipitation, removal of an acidic phosphatide by extraction and partition 
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between butanol and (NH4 ) 2so4 , chromatography on DEAE- cellulose at pH 9 . 0, 
gel filtration with Sephadex G-100 foll owed by the separation of t he two 
lipases by chromatography on CU-cellulose . 
r elatively large scale . 
TABLE 2 
This procedure was used on a 
Tulai 11 st~:Q.§.._5?f _lipase __ p~rif~ca ti_on 
(Eenzonana e t al., 1964) 
Steps Lipase Enzymes i n the fractions 
(gm por 100 gm protein) 
Total Estimated Recovery Sp. Ac- L:ipase .Aley"Jase Chymo- Tr;yp-
fumber Weight mg tivity tripsi- sinogen 
Units nogen 
Pancreas 25 x105 27>3 90 
homogenates 
300g 
c:: 
Supernatant 22. 2 xl0_.1 248 100 125 1. 4 6 . 3 10 . 8 15. 0 
(NHJi30 4 21.8xl0
5 243 98 180 2 . 0 6 . 8 4,7 8.2 
prcci-pita te 
Acetone 14 . 5x105 161 65 880 9 . 8 3. 7 0 . 8 4 . 5 
precipitate 
D:0\E- Cellu- 6.2x105 70 28 5,5m 6 . 1 0 . 7 o.o 0 . 0 
l ose chr\)-
matography 
B) Microbial lipases 
Earlier et t empts to purify microbial lipases were carried out by 
precipitation with ehtanol followed by electrophoresis (Fiore and Nord, 
1950); precipita tion with (NH4)2.so4 absorption on calcium phosphate gel 
and chromatography on calcium phosphate-celite 535 (Tatsuoka et al . , 1959) . 
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In the l ast few years sephadex, polyacrylamide gels, DEAE-cellulose have 
been successfully used for the purification of and characterisation of 
lipases. 
Rhizoous arrhizus lipase was purified by fractionation through 
Sephadex G - 100 followed by ultracentrifugation and then again chroma-
t ography on sephadex G - 100 . The lipolytic fraction was concm1tra·~ed 
under reduced pressure, r ecycled on a smaller column and lyophilised 
(Laboureur and Labrousse, 1968). Partial purification of Micrococcus and 
Pseud.omonal lipase was achi eved by (~m4 )2s0 4 precipitation of culture 
supernatant and then filtration by Sephadex G - 100 and G - 200 
(Lawrence et al ., 1967b). Sephadex G - 100 was used for the purification 
of concentrated Staphylococcal li:p~se (Tirunarayanan and Lundbeck , 1968 ). 
Lipase from Pseudomonas fragi was purified by frnctior1ation of th8 
cu.lture supernatant v;ith (mr4)2so4 and acetone precipitation. Filtration 
through sephadex G - 200 followed by DEAE-cellulose chromatography gave 
further purification. The purifi ed llpolytic fraction was el ec trophore-
tically homogeneous. The yield was 1. 3% of the original activity v.H:h a 
specific activity 100 times that of the starting culture filtr~t e s 
(Lu and Liska, 1969a ) . 
Purification of lysolecithinase from the rumen 
Attempts to obtain cell-free lipolytic enzyme preparations from the 
rumen bacteria have so far not been successful although a soluble enzyme 
preparation of washed rumen microorganisms was obtained by Dawson (1959) ._ 
The enzyme was purified by (NH4)2so4 pr ecipitation and adsorption on 
calcium phosphate gel . The pm,ified enzyme thus prepared was readily 
active in the hydrolysis of lysolecithin . 
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Methods of determining lipase activity 
The r a te of lipolysis can be followed by measuring the rates of 
disappearance of triglyceride or the rate of fat ty acid production. 
Measurement of the formation of glycerol, mono- and diglycorides is more 
difficult for following the rate of lipolysis and is not commonly used. 
A. Col orimetric methods 
The methods described by a number of inves tigators for the colori-
metric micro-deter mination of fatty acids depend on the formation of a 
copper soap 0f the fatty acid , its extraction into an organic solvent 
followed by the estimation of copper (Iwayama , 1959; Baker , 1961; 
Duncombe, 1963). Coppr:r may be r eplaced by cobalt which is then dcter-
1:1ined with <I..- nitroso - (3 - naphthol (Novak, 1965). The colourGd 
complex with free fatty acids was formed by the use of rhod.amine Band 
uranyl ion and the complex was extracted into toluene and measur ed colori-
metrically (Mackenzie et al ., 1967). Mahadevan et al. (1968) showed that 
the sensi ti vi ty of Duncombe I s procedure could be increased b;y- the use of 
1,5 .dl4?he;nylcarbohydrazide as colour complex agent in place of diethyl-
dithiocarchrunat e . Meyer-Bertenrath and Kaffarnik (1968) described a 
method for moasuirng the lipase activity in the serum and other fluids by 
using dilauric acid ester of fluoresce ine as substrate . As this ester is 
colourless and non-fluorescent, hydrolysis of the ester liberates fluore-
sceine which can be determined precisely by colorimetric or fluorometric 
techniques . 
B. Titrimetric measurements of liberated fatty acids 
Several methods which have been described for measuring lipase 
activity in the hydrolysis of triglyceride are based on the titration of 
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liberated free fatty acids with 11lcoholic sodium hydroxide solution 
(Dole- 1956) . Hobson and Ma.rm (1961) used this method to measure the 
li})olyt ic activity of rUJ110n microorganisms grown in media containing 
linseed oil . At the end of incubation period the whole culture was 
aci dified , extracted with ether and the to t al acidity determined by 
titration wi tl1 sodiu.'Il hydroxide solution . A similar pr ocedure was 
carried ou t for studying the lipolytic acti,,i ty of Staphylococcus aureus 
(Vadehra and Harmon , 1965 ) • Im.tead of using t he organisms themselves, 
disintegrated cells or cell-free sur,ernatants of the growth medium have 
been incubated with triglyceride . ~ther extr acti on followed by the 
t i tration of liberated free fatty a cids with ethanolic sodiwn hydroxide 
deter:r.i ined the t otal acidity (Alfor d and Pierce, 1963) •. 
The continuous automatic titr ati0n of the fatty acid produced by 
the action of lipase on an appropriate substrate in a pH - stat has been 
used by many investigat orn (Shah and Wilson, 1965 ; Lawrence et al. , 1967b; 
Tirunarayanan and Lundbeck , 1:)68; Downey and Andrews , 1969) . The major 
advantage of this procedure is that the j_ni tial velocity of lipolysis can 
be measured v1ithin a. short period of incubation and no extr action of free 
fatty acids is involved . However, this me thod suffers from a drawback, 
that it is difficult to 1aeasure the lipase activity at pH < 7 . O perhaps 
due t o incomplete titration of l ong-chain fatty acids , and the method 
cannot be used t o foll ow the lipol ysis in a buffered culture :nedium 
(Lawrence, 1967b) . 
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Figure 2. Potentiometric test for the deter-
mination of lipase -activity. The 
figures indicate the relative amounts 
of lipase used in each assay 
(From Desnuelle , 1961). 
C. Manometric r.iethods 
)lanomenic methods have been described (Aldridge , 1954 ; WiEs , 1961) 
to follow the ra~e of fatty acid production by determining the rate 0f 
liberation of CO2 from a bica=bonate buffer. Tt.e technique can be used 
as an alternative to the pH - stat but insoluble fatty acids do not readily 
liberate CO2 from the bicarbonate buffer (Lawrence, 1967b) . 
D. Clarification or turbidimetric method 
A rapid turbidimetric method has been devised by Rottem and Razin 
(1964) in which the lipolytic activity is followed by measuring the rate 
of clarification of the tributyrin suspension. As the hydrolysis of 
tributyrin proceeds, the products of hydrolysis e . g. monobutyrin , glycerol 
or butyric acid become water- soluble . So the rate of clarification of 
tributyrin suspension is a direct measurement of the rate of disappearance 
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of triglyceride. The method is also applicable for higher triglyceride 
( Grossberg £1. al. , 1953). A thin-layer agar rliffusion technique devEloped 
by Lawrence et e.l.. (1967a), permits the rapid quantitative comparison of 
the relative acti vities of lipase preparation age.inst low concentrations 
(0.1% ~ ) of triglyceride, usually tribut;yrin. Because of the solubility 
of monobut~Tin, glycerol and butyric acid, lipolytic activity produced a 
zone of clearing a:cound a hol e containing the enzyme solution which was 
made in solidified tributyrin-agar emulsion . 
E. Radio-chemical techniques 
The radio-chemical t E:c chniques recently developed f or f0llowing the 
lipolytic activi ty involve separati,x, of the products of hydrolysis of 
radioa,cti ve triglyceride and unreacted triglyceride followed by the mea-
surement of radioactivity of individual components. 14c - triolein is 
used as test subs trate it is readily emulsified and is available- commer-
cially . Chino a..YJ.d Gilbert (1965) used a f'lorisil column to separate 
monoglyceride, di glyceride, triglyceride and free fa tt;y acids . Clarke 
and Hawke (1970) separafr,d the products ty thin-layer chromatography on 
s ilica gel. The radioactivity of each component w2.s measured by two 
alternative t echniques ; 
(a) T:.1e chromatogram was scanned by a radio chromatogTam scanner 
and the peak areas vrerc measured planimetrically 
(b) The appropriate areas of each component were scraped into . 
counting vials and counted in a liquid scintillation counter. 
Finally, a radioactive assay procedure for triglyceride lipase described 
by Kaplan (1970) was based on the differential extraction of triglyceride 
and fatty acids by alkaline solvents followed by the measurement of radio-
activity in a Packard TriCarb Scintillation counter. 
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1. 3. 8 . Specificity of lipases 
The hydrolytic activity of a lipase may be influenced by the nature 
of the alcohol moiety and the structure of the fatty acids . In addition, 
the effect of the stereochemistry of substrates such as triglycerides must 
be considered. 
A. Effect of alcohol moiety 
Some studies have been made on the rate of hydrolysis of esters of 
different alcohols by microbial lipases . Lipases from Pseudomona.s fragi 
hydrolysed methyl butyrate - the rate of hydrolysis was about one-
fifth the rate of triolcin and one- thirteenth that of coconut oil (Lu and 
Liska, 1969b) . A weak esterase activity found in the lipase preparation 
from Rhizopus delemar would be considered to be due to the activity of 
lipase (Fukumoto et al . , 1964) . A partially purified lipase of Micro-
coccus freudenreichii was active against Q - nitrophenylbutyrate and 
emulsified triglyceride (Lawrence et al . , 1967b ) and Stephylococcal lipase 
was preferentially active in the removal of fatty acids having between 
four and six carbon atoms, eith~r in the form of glycerol esters (tri-
glyceride) or simple esters of butyric acids (Tirunarayanan and Lundbeck , 
1968 ) . 
Pancreatic lipase was found t o hydrolyse methyl oleate but the rate 
of hydrolysis was 1/30th of that of triolein . Even the hydrolysis of 
tributyrin was much faster than that of methyl butyrate despite the latter 
being in the form of an emulsion (~a.rda and Desnuelle , 1958) . 
:s. 
1) 
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Effect of structure of fatty acids 
Unsa tura tion 
The lipase from Geotrichum candidum has been found to possess a 
high degree of specificity towards esterbonds involving oleic acid regard-
less of position in the triglyceride (Alford ct al , , 1964) . .Furthermore, 
the lipase removed very little elaidic acid from glyceryl - 1 - elaidate -
2, 3 - dioleate (Jensen et al . , 1965) . The degree of unsaturation of the 
chains of fatty acids from zero to two double bonds did not have any 
appreciable influence on the rat8 of hydrolysis by pancreatic lipGse 
(Savary and Desnuelle, 1956) . 
TABLE 3. 
Lipolysis of synthetic triglyceride by lipase from Geotrichum ce.ndiqum 
Alford et al., (1964). 
Weight percent of fatty acids as 
Triglyceride Palmi tic Stearic 0leic 
2 - stearyldiolein 1 99 
2 - oleyldistea.rin 2 98 
2 - palmitoyldiolein l 99 
2 - oleyldipalmitin 20 80 
2 - oleylpalmitosten.rin 9 1 90 
2 - palmitoyldistearin 50 50 
2 - stearoyldipalmitin 99 1 
1 - oleoyldistearin 2 98 
1 - stearoyldiolein l 99 
1 - oleoyldipalmitin 35 65 
1 - palmitoyldiolein 5 95 
II) 
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Chain length of f a tty acids 
It has beE:n consistently observed that micro·bial lipases show a 
greater activity towards glyceridGs containing short- chain fatty acids 
than those containing long- cha in f a tty acids. Maximwr. rate of hydrolysis 
were observed when tributyrin or t r i pr opionin was used as substrate 
(Rottem and Razin, 1964 ; Sl1ah and Wilson , 1965; Tirun2.rayanan 2.nd 
Lundbeck, 1968) . However, purified lipase from Pseudomonas fragi hydro-
lysed trilaurin most r apidly and f ollo~ed in ordE:r by t r i caprin, tri-
palr:iitin, tributyrin, tricaproin and tristee.rin (Lu and Liska , 1969b) . 
Pancreatic lipase r emoves short- chr.:. in fat t y acids more rapidly t ban l ong-
chain fatty acids (Entressangles et al., 1961; Wills , 1961) . Hydrolysis 
of tributyrin was more rapid than any other triglyceride by human milk 
lipase (Schinheyder and Volqvartz , 1943) . 
It follows from the forego ing considerc tion trot VQI'iat ions in 
a ctivity t ow2rds vari ous natura l lipids by a microbial lipase ar e possible 
beco..use of the particular specificity of the enzyr:ie-. Lipa s e from Mucor 
pusillus showed ac t i vity in the hydrolysi s of butter f a t , vegetable lipids 
Qnd sele cted synthetic triglyceride (Somkuti and Babel , 1968 ) . lilllong the 
natural lipids it showed highest activity in t he hydrolysis of coconut oil 
and the ac tivity decreased in the following order : 
Coconut oil 1 Butter f a t , Safflower oil , Cottonseed oi] , Olive oil and 
Corn oil. Analysis of rumen liquor incuba t ed with li;nseed oil and olive 
oil showe d that hydrolysis of the latter i s slightly more rapid than tha t 
of the former (Wr ight , 1961) . In some ca se s it is difficult to decide 
whether these are differences due to structure or whether dispersion and 
emulsif ication are affecting the r a te of lipolysis . In this connecti on 
it has been observed that vegetable fats are hydrolysed mor e r eadily by 
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Figure 3. Hydrolysis of triglyceride by 
Staphylococcal lipase 
(Tirunarayanan & lundbeck, 1968). 
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pancreatic lipase than animal fats such as beef fat or whDle oil (Wills, 
1965) . 
c. Effect of position of f atty acid in the triglyceride 
Microbial lipases have b0en found to diff er in the site of their 
a t t a ck on triglycEirine . Some micro biol lipnses e .g. Ps0udomonas fragi, 
Pseudomonas fluoresc ens, Pseudonon~s geniculata , Candida paralipolytica 
hydrolyse primarily the ester bonds in 1 and 3 positions of triglyceride 
(Alford et nl . , 1964) in a manner similar to that of pancreatic lipase . 
Li pases of some microbial sources , hcF -2ver, show positional spccifi ties 
towards the 2 - posi tion as v:ell as the 1 and 3 positions of the tri-
elyceride. For example Fukumoto et a l. (1963) observed tha t the crystal-
line lipase from Asperigillus niger Rlmost compl e t ely hydroly8ed olive oil, 
indica ting tha t the enzyme can attack not only the primary ester bond in 
the triglyceride but al so those a t the secondary positions smoothl,y. 
The lipase from Staphylococcus aureus and Asperigillus fla."'rus· appears to 
be similarly non-specific (Alford e t al., 1964) . 
---
1. 3. 9. Factors affecting· the activity of lipases 
A. Effect of pH 
The effect of pH on the rate of hydrolysi s is the result of its 
combined effects on the enzyme itself, on the stability of enzyme , the 
velocity of enzyme-substrate combination and breakdown and the properties 
of the substrate/aqueous interface in case of diphasic systems (Lawrence 
1967b). In some cases the optimal pH depends on the nature of the sub-
strate being hydrolysed . Lipase from Mycoplasma gallisepticum showed 
maximum activity for mono-,· di- and tributyrin at pH 7.5 but for tri-
laurin and triolein the optimal pH was s.o (Rottem and Razin, 1964). 
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Figure 4. Major pathway for the hydrolysis of triglyceride by pan-
creatic lipase. Complete hydrolysis of triglyceride 
proceeds with the rapid splitting of the 1 & 3 linkages 
followed by slow hydrolysis of the 2- monoglyceride. 
Ri, R11, R111 represent fatty acids of the same or 
different structure (From 118.hler & Cordes, 1967). 
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pH optima of r a t serum lipase were 7. 2 , 7. 6 and 8 .05 for ethyl butyrate, 
tripropionin and tributyrin r espectively (Tuba and Hoare , 1950). 
Other pH optima.ls quo t ed are : 
9. 0 for Mucor lipoluticus Aac - 0102 lipase (Nagaoka et al ., 1969); 
8 . 0 - 8 . 5 f or }ilicrococcus freudenreichii and Pseudomonas f ragi lipase 
(Lawrence et a l., 1967b); 9.0 for Penicillium erustosum lipase (Oi et al . 
1967); 7.5 - 8 .8 f or St aphylococcal lipase with tributyrin (Tirunarayanan 
and Lundbeck, 1968); 10,0 for E.Coli phospholipase but phospholipase A 
from the same organism showed two pH optimes- 5. 0 and 8 . 4 (Prculx and 
Fung , 1969 ). Pancrea tic lipase has presented an optimum pH of 8 .2 
(Alichanidis,1969) . 
B. Effect of temperature 
With a f ew excepti ons microbial lipases are mos t active within 
t emperature range 30° - 40°c £ . g . thG lipase of PeniciJ.lium oxalicum is 
almost actl·ve at 37° - 40°c (Ki·rsh , 1935)·, f M 1 11· t· o . >ycop asma ga icep icum 
a t 37°c (Rottem and Razin, 1964) . However, lipases from different micro-
0 
organisms are active at t emper atures bel oTI O C e . g . l ipases from ? scudo-
~ fragi , Staphylococcus aureus , Geotrichum candidum, Candida paralipo-
lytica and Fenicillium Sp . showed considerable activity in the hydrolysis 
of emulsified corn oil , coconut oil ru1d lard in 2 - 4 days at -7° C, in 7 
days at -18° c and over a 3 week incubation period activity was exhibited 
by some of these cultures at - 29°C particularly towards corn oil (Alford 
and Pierce, 1961) . Pancreatic lipase showed an optimum temperature at 
37°c in an incubation period of 15 min . (Alichanidis, 1969). 
Studies have been made on the stability of lipases at different 
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temper a t ures e . g . l i pase from Mucor pusillus los t 50'% of its activity when 
heated at 5e0 c for 45 min. (Somh.'Uti and Babel , 1968) a t pH 5. 5. A 
preparation of Pseudomona.l lipase ob t ained by precipitati on wi th ( NH4)2so4 
lost all activity a t 100°c for 3 min . and the t herrnos tabi lity of lipase 
f r om Micrococcus freudenreichii was dependent on its degree of purificati on 
(Lawrence et al. , 1967b) . Li pases from Penicilliurn crustosum were found 
to be stable below 45°c (Oi et a l ., 1967) . Activity of pancreatic lipase 
completely ceased on incubation for 15 min . at eo0 c (ii.lichanidis , 1969) . 
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Figure 5. pH-activity relationship for the 
hydrolysis of tributyrin by 
Staphylococcal lipase 
(Tirunarayanan & Lundbeck, 1968). 
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C. Effect of emulsification of substrate 
It has been shown that pancreatic lipase acts preferentially on 
emulsified esters (Sarda and Desnuelle, 1958), The authors compared the 
rate of hydrolysis of a true solution of tracetin and emulsified triacetin 
in gum arahic . In a true solution, at low concentrations of triacetin, 
the rate of hydrolysis is very slow but the rate increased very sharpl y as 
the concentration of triacetin is increased to form a heterogeneous systemJ 
Under these conditions, lipolysis must occur only at the interface between 
the lipid droplet and tte aqueous phase ~ The rate of hydrolysis is, in 
part determined by the area of this interface - the higher tho degree of 
emulsifica tion th8 smaller the individua l lipid droplets and the larger 
the surface area . ½11en the emulsion i s finely dispersed the intcrfacial 
area is l a rger and for th e same weight of substrate larger interfaces will 
give higher rates of hydrolysis by absorbing oore lipase , Consequently, 
if the same weight of substra te, (triolein) is emulsified to give different 
disp0rsions, the r a t G of hydrolysis i s f a stest \7hen the intcrfacial area 
is greatest (Sarda et al., unpublished experirJc-nts cited by Desnu8lle, 1961). 
Although an increas e in surfa ce ~rea due to emulsification signi-
ficantly increases the rate of lipolysis, the effect is compl5x and 
depends on the exact chemical nature of the emulsifying agent (Viills, 1965). 
Bile salts, egg albumin, gum arabic, soaps and synthetic detergents have 
been used as emulsifying agents to increase the rate of lipolysis\ Some 
of these agents activate, while others inhibit lipase. Rate of shaking 
of the reaction mixture is an additional factor of importance in investi-
gating lipase. The degree of emulsification is less important if the 
triglyceride suspension i n the aqueous phase is rapidly shaken so that a 
fresh interface is constantly being made available to the lipase (Wills, 
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1965) . 
Sinco microbial lipases like pancreatic l ipase usual l y act on water 
insoluble substra t es , the degree of emuls i f i ca t ion al so acce l erates the 
rate of hydrolysis by mi crobial lipases (Hugo and :Beveridge , 1962 ). 
However , Asperigi l lus niger l ipas e was found to be ina ctive in an emulsi-
fied system but activity was obtained simply by shaking the r eaction 
mixture (Iwai_ et a l., 1964 ). 
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Figure 6. The influence of saturation on the hydrolysis of 
triacet i n by lipase from swine pancreas. The 
numbers at the upper borderline give the inter-
facial area expressed in 105 x cm2 in 100 ml tri-
a cetin emulsion (From Oosterbaan & Jansz, 1965). 
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D. Effect of Sonication on pancre;a tic lipase 
Sonication for a short period of time was found to increase the 
activity of pancreatic lipqso (Goodma...11 and Dugan, Jr., 1970). Lipase was 
rapidly in~ctivated by sonication at 50°c, although it was stable at 30°c 
and e.t lower temperatures. At 40°c a slight inactivation of the enzyme 
was observed during the first 5 min . of sonication, howcv8r as the soni-
cation time increased, the enzyme los-1; activity. When an emulsion of 
0 
olive oil - gum arnbic in lipase was sonicatcd for 4.5 min . at 38 C, 2.7 
times as ouch fatty acid was liberP..ted than in the control. This signi-
ficant increas E.: in rate of llydrolysis v;as ascribed to the forrua tion of a 
better emulsion of olive oil and gum arabic due to sonication leading to a 
greater turnover rate of substrnte at th0 oil - water interfaco . The 
enzyme was active in the hydrolysis of tripalmi tin when the latter ~,as 
dissolved in methylmyristate 0 2nd sonicatGd with the enzyme at 45 C. 
the otherhand stirring of lipase and tripalmitin did not lead to th~ 
liberation of free fatty acids.· 
E. Effect of metal ions 
Certain metal i ons e . g . calciw:l and magnesiwn were found to 
On 
accGlGrate the hydrolysis of triglyccrid0 by lipase probably by removing 
the liberated fatty acids as insoluble soaps. Ca++ have a function in 
maintaining the stability of pancreatic lipase (Wills, 1961). Ca and Mg 
ions increased the activity of Penicillium crustosum lipase. Oi et al. 
(1967) suggested that calcium activated the enzyme by stabilising its 
active configuration . Calcium was found to have a catalytic effect 3 to 
4 times great er than Mg for staphylococcal lipase when tributyrin was used 
as substrate (Tirunarayanan and Lundbeck, 1968). These two meta.lions 
also incroosed the activity of phospholipase A from E. Coli ( PJ:oulx and 
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Fung, 1969). Hydrolysi s of triglyceride by pancreatic l ipase goes to 
completi on more readily in the presence of calcium (Desnuel lc et al., 
1950). However· , lipases of some microorganisms are not stimulated by 
divalent i ons e . g . lipases from Micoplasma (Ro ttem and Razin, 1964) and 
Micrococcus f r eudenreichii (Lawrence e t a l., 1967b). 
Effect of metals ru1d non-metallic inhibitors on lipases 
In COJ[lJ;'Jon with many other hydrol ytic enzymes, microbial lipase s 
are i nhibited by several metal i ons . Lipases from Micrococcus freuden-
reichii and Pseudomor..as fragi are strongly inhibited by zinc and r.1ercuric 
ions and partially, by copper, nickel , cadmium and k ryllium in t hat or der 
of decreasing effecti veness (Lawrence ct al., 1967b) . Gu++ and Hg++ 
s trongly inhibited pancreatic lipase (Wills, 1960). The inhibition of 
zinc and mercuri c i ons towards bo t h the above ment i oned microbial lipases 
are counteracted by histidine and l ess effectively by EDTA (Lawrence e t al,, 
1967b ). Again EDTA was activ8 i n rcr;ioving th e toxicity of Fe+++ towards 
lipase from Pseudomonas fragi (Lu and Liska, 1969b ) but it inhibited 
staphylococcal lipase in hydrolysis of var ious substrates , a l though thr:; 
inhibition was counteracted by Ca and !,ig ('i'irunar ayanan and Lundbed.: , 1968 ). 
Sodium laurylsulphate was an inhibitor for Mucor lipolyticus lipa se F3 
towards olive oil (Nogaoka and Yamada , 1969), E.Coli phospholipase A and 
lysophospholipase (Proulx and Fung, 1969) and lipase I and II of Peni-
cillium crustosum (0i e t al., 1967). Diethyl-p-nitrophenylphosphate was 
most effective inhibitor of lipas e of Micrococcus frcudcnreichii (Lawrence 
et al., 1967b). Iodoace tate and N- ethylmaleimide were modera te inhibitors 
of Pseudomonas lipase but relatively high concentrations of ,-chloro-
mercuribenzoate did not inhibit the enzyme completely (Lu and Liska, 1969b). 
The following illustrations show the interesting behaviour of some 
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compounds as inhibitors or accelerators of the activity of 2 lipase 
fractions prepared from Penicillium crus tosum~ L:i.pase I is slightly 
inhibited by sodium deoxycholate (inhibition is reversed by calcium ions) 
while lipase II is stimulated to some degree by the same agent . On the 
otherhand the activity of lipase I towards tributyrin is decreased by 
tween 20 and polyvinylalcohol but the same agents inhibited the activity 
of lipase I towards olive oil and t hat of lipase II towards tributyrin. 
Although lipase I was unaffected by span 80, it inhibited lipase II in the 
hydrolysis of tributyrin (Oi et al., 1967) . 
During lypolysis the liberated free fatty acids inhibit lipases of 
different microorganisms to differing ext ents. Oleic acid was found to 
inhibit the lipase activity of Pseudornonas aeruginosa (Sierra, 1957), 
Pseudomonas fragi (Smith and Alford, 1966) and Micrococcus freudenreichii 
(Lawrence et al ., 1967b ). The growth of Streptococcus cremoris was 
markedly inhibited by ol eic acid (Anders and Jago, 1964) . 
A marked r educ tion in lipolytic activity t owards triglyceride was 
was observed when penicil1in or t erramycin were added to rumen contc:nts 
(Wright, 1961). 
